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Abstract Vestibular schwannomas (VSs) grow in the region
where the energy from mobile phone use is absorbed. We
examined the associations of VSs with mobile phone use. This
study included 119 patients who had undergone surgical tu-
mor removal. We used two approaches in this investigation.
First, a case–control study for the association of mobile phone
use and incidence of VSs was conducted. Both cases and con-
trols were investigated with questions based on INTERPHONE
guidelines. Amount of mobile phone use according to duration,
daily amount, and cumulative hours were compared between
two groups. We also conducted a case–case study. The location
and volume of the tumors were investigated by MRI.
Associations between the estimated amount of mobile phone
use and tumor volume and between the laterality of phone use
and tumor location were analyzed. In a case–control study, the
odds ratio (OR) of tumor incidence according to mobile phone
use was 0.956. In the case–case study, tumor volume and esti-
mated cumulative hours showed a strong correlation
(r2=0.144, p=0.002), and regular mobile phone users showed
tumors of a markedly larger volume than those of non-regular
users (p<0.001). When the analysis was limited to regular users
who had serviceable hearing, laterality showed a strong correla-
tion with tumor side (OR=4.5). We found that tumors may
coincide with the more frequently used ear of mobile phones
and tumor volume that showed strong correlationwith amount of
mobile phone use, thus there is a possibility that mobile phone
use may affect tumor growth.
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Introduction
The awareness of vestibular schwannoma has increased over
the past few decades [1]. Better diagnostic tools are likely
responsible for a higher rate of diagnosis [2], but a number of
environmental factors, including electromagnetic fields
(EMFs) emitted by mobile phones, have been also suspected
as potential risk factors for vestibular schwannoma [3].
The rapid increase in mobile phone use during the last decade
has raised some safety concerns. In particular, a risk for vestibular
schwannoma is associated with mobile phone use because the
acoustic nerve tissue is a sound perception organ and is located
close to where people hold their mobile phones during use.
There is some controversy surrounding the effect of the
energy from mobile phones use on vestibular schwannoma.
Several epidemiological studies have found no increase in the
risk of vestibular schwannoma associated with mobile phone use
[4–7]. These results are supported by studies that found that the
EMFs produced frommobile phones do not have enough energy
to break chemical bonds or damage DNA [8, 9]. Other studies,
however, have identified an increased risk of tumors in the more
frequently used ear [10, 11]. These results are supported by
studies that reported that EMFs emitted from mobile phones
can penetrate 4–5 cm into the brain, which can potentially
increase the temperature of the tissue by up to 0.1 °C. This
thermal effect could consequently influence protein
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phosphorylation [12–14]. The possibility and mechanism of
carcinogenicity was also reviewed in many studies including
oxidative stress, apoptosis, and effects on immune function
[15–18].
The case–control design is widely accepted as one of the
most useful methods to analyze the relationship between
mobile phone use and vestibular schwannoma. However,
these studies are known to be vulnerable to selection and
recall biases [5, 19]. The case–case study design is also
vulnerable to selection and recall biases, but the situation is
less complicated than in case–control studies [20].
In previous case–case studies, the laterality of mobile
phone use coinciding with the occurrence of vestibular
schwannoma is often presented as evidence for association
[21, 22]. Inskip et al. [21] suggested the following three
assumptions: there is no risk from a mobile phone on the
contralateral side, risk to the ipsilateral side is the same for
left- and right-sided tumors, and the incidence of left- and
right-sided tumors is the same for nonusers of mobile phones.
Most previous reports have diagnosed vestibular
schwannoma through imaging, but even though schwannoma
has characteristic image findings, a bias may arise since its
pathology cannot be confirmed. In addition, previous reports that
evaluated the coincidence between the laterality of mobile phone
use and tumor side did not consider the patient’s hearing. Unlike
other tumors, vestibular schwannoma has a direct effect on the
auditory system. Therefore, a bias may arise if the patient’s
hearing is not considered and only the coincidence between the
laterality of mobile phone use and tumor side is evaluated.
Finally, previous reports analyzed the association between
EMF emitted by mobile phones and only incidence of tumors.
However, if the main mechanism involves protein phosphoryla-
tion changes due to a heating effect rather than actual degenera-
tion of DNA, then EMF might have the potential to increase/
decrease the growth of an existing tumor or change its shape
even though it may not actually induce tumor development.
Thus, an analysis of the effects of mobile phone use on tumor
growth, rather than only tumor incidence, is required.
For this study, we recruited patients confirmed to have
vestibular schwannoma after surgery, and the coincidence
between the laterality of mobile phone use and tumor side
was analyzed with consideration of patients’ hearing. Finally,
based on the hypothesis that “mobile phone use may affect the
physiognomy of the vestibular schwannoma,” we examined
the associations between vestibular schwannomas and mobile
phone use not only for the incidence of tumor but also for any
differences in the growth or characteristics of tumors.
Methods
We used two approaches in this study: a case–control study
and a case–case analysis. First, a case–control study for the
relative risk of mobile phone use was conducted. We recruited
207 patients who underwent surgery and were pathologically
confirmed to have vestibular schwannoma by the Department
of Otorhinolaryngology at Severance Hospital, Seoul, South
Korea, between January 1991 and December 2010. We were
able to reach 134 of the 207 patients, and 119 of them agreed
to reply to a questionnaire (88.8 % participation rate) and were
included in the case group. All patients were interviewed by
telephone using the same questions. The questions were mod-
ified by authors based on INTERPHONE guidelines [23] by
one interviewer from January to March 2012. The reference
dates were set around the diagnosis date, and the questionnaire
included the following: subject’s history of mobile phone use,
the year they began using a mobile phone, average daily
number of outgoing and incoming calls, average call duration,
dominant hand, proportion of calls using the left and right
ears, and frequency of hands-free device use (Supplement 1).
Age, gender, chief complaint at the first visit, past medical
history, date of diagnosis (used as the reference date), tumor
location (left or right), tumor volume, preoperative hearing
threshold, and operative method were obtained as basic back-
ground information. We matched 238 controls (1:2 matching)
who received comprehensive routine medical checkups (in-
cluding brain MRI) in the authors’ hospital for age, gender,
and general health condition. The control subjects were also
interviewed using the same questionnaire and matched the
reference date. No controls had unilateral hearing loss.
A regular mobile phone user was defined as someone who
had used a mobile phone at least once a week for the past
6 months. The average daily amount of mobile phone use was
calculated by multiplying the average number of calls per day by
the average talk time of one call. Cumulative hours of mobile
phone use were calculated by multiplying the average daily
amount of mobile phone use by the duration of mobile phone
use. We compared the two groups in terms of duration of mobile
phone use, daily mobile phone time, and cumulative hours of
mobile phone use and calculated the relative risk of tumor
incidence due to mobile phone use.
We also conducted a case–case study. The location and vol-
ume of the tumors were analyzed using imaging and a three-
dimensional volume calculation program (Aquaria INtuitionTM,
TeraRecon, Foster City, CA) (Fig. 1). Mobile phone usage
patterns were investigated with a questionnaire in the same
manner as the case–control study. The duration, daily amount,
and total cumulative hours were taken into account in determin-
ing cell phone usage. Subjects who had used a mobile phone for
more than 10 years were classified as long-term users, those who
used a mobile phone for more than 20 min per day were deemed
heavy daily users, and cumulative heavy users were those who
had used a mobile phone for more than 2,000 cumulative hours
in their lifetimes. The cup points were set based on the references
from previous reports. For each case, the volume of the tumor
was compared according to each criterion.
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The correlation between the laterality of mobile phone
use and tumor location (side) was also analyzed. The most
frequently used ear was defined as the side used for more
than three-quarters of the time spent on the phone. Subjects
who did not meet this criterion were classified as having no
dominant ear [4, 21]. If the tumor and the most frequently
used ear were on the same side, the relationship was
classified as ipsilateral; when the tumor and the most
frequently used ear were on opposite side, the relationship
was classified as contralateral. The risk ratio of vestibular
schwannoma for mobile phone use was analyzed using
multinominal logistic regression [21].
The study protocol was approved by the ethical committee
of Yonsei University College of Medicine (no. 4-2012-0361),
and consents were obtained from all participants.
Results
Case–control analysis
The basic characteristics of the cases and controls at the
reference date of each group are shown in Table 1. There were
no differences between the cases and controls in terms of age,
gender, residential area, general health condition which may
affect patients’ immunity, and handedness (p>0.05).
In the patient group, the longest delay from the date of
diagnosis to the date of interviewwas 20 years. The dataset for
analysis at the reference date showed that the most frequent
tumor-related symptoms were tinnitus. Among these 119
cases, 64 (53.8 %) were mobile phone users at the reference
date. With regard to dominant hand preference, 110 cases
Fig. 1 Tumor volume was
calculated using a 3D volume
calculation program (Aquaria
Intuition). Serial images of axial
(a), coronal (b), and sagittal
(c) cuts of gadolinium-enhanced
temporal MRI were input into the
program; (d) the tumor was
reconstructed three-
dimensionally, and the tumor
volume was automatically
calculated
Table 1 A case–control compar-
ison of the basic characteristics of
reference date
*Systemic disease means chronic
debilitation disease which can af-
fect patients’ immunity such as
uncontrolled DM, ESRD, and etc
† Chi-square test or ‡ Fischer’s ex-
act test for calculation of p value
Case (n =119) Control (n =238) p value
Age (years) 47.92±13.14 46.79±12.46 0.543
Gender (male/female) 37:82 75:161 1.000†
Residential area (urban/rural) 90:29 214:24 0.130†
% of systemic disease* 18.4 8.8 0.077‡
% of smoking 7.3 8.8 0.812‡
Same handedness of mobile phone use (%) 42.8 56.7 0.084‡
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(92.4 %) were right-handed and 4 (3.4 %) were left-handed,
while 5 (4.2 %) were ambidextrous. In control participants,
201 (84.5 %) participants used mobile phone. Eleven (4.6 %)
were left-handed and four (1.7 %) were ambidextrous.
Differences in the use of mobile phones between the patient
and control groups are listed in Table 2. There were no
statistically significant differences between the two groups
(p =0.245); in contrast, the control group had used cell phones
a little bit longer than the patient group. The odds ratios of
vestibular schwannoma incidence according to each parame-
ter ranged from 0.956 to 0.998. The reference date for the
patient group was the date of diagnosis. For control group, the
reference date was matched date to that of patient group.
Case–case analysis
Among the schwannoma group, there were no substantial
differences between the regular and the non-regular phone
users (Table 3). The average tumor volume of regular users
(n =64) was 8.10±10.71 cm3, while non-regular users (n =55)
had a mean volume of 2.71±3.78 cm3. The difference in
tumor volume between the two groups was statistically sig-
nificant (p =0.004, Fig. 2). The OR of regular user is 1.125
(CI 1.041–1.216, p =0.003).
When we limited our analysis to regular users, there was no
significant difference (p =0.130) in tumor size between long-
term users (9.83±11.97 cm3, n =38) and short-term users
(5.57±8.15 cm3, n =26), but a significant difference was ob-
served between heavy users (11.32±15.43 cm3, n =32) and
light users (4.88±5.60 cm3, n =32) based on daily amount of
mobile phone use (p =0.026). In terms of cumulative hours,
tumor volume showed a strong correlation (r 2=0.144,
p =0.002) and was significantly larger in heavy users
(13.31±14.07 cm3, n =26) than in light users (4.88±
6.16 cm3, n =38) (p =0.007) (Table 4 and Supplement 2).
Of the 64 regular mobile phone users, 12 cases (9 %)
answered that they used both their left and right ears almost
equally, while the others had laterality. Excluding these 12
cases, 52 cases were used for our risk analysis. Left-ear-
dominant users (31/52, 59.6 %) outnumbered right-ear-
dominant users (21/52, 40.4 %), but the difference was not
significant (p =0.592). Twenty-three cases were ipsilateral,
and 29 were contralateral (OR=0.733). Since hearing is af-
fected by tumor development and growth, the risk was
reevaluated for patients who had serviceable hearing. Of the
21 patients with hearing better than 30 dB of the pure tone
threshold and greater than 70 % of speech recognition score,
12 cases were ipsilateral, 6 were contralateral, and 3 were
both, and significant increase in risk was found (OR=4.50)
(Table 5). Non-regular users who did not have laterality of
mobile phone use showed similar tumor incidence on right
and left side (Table 3).
Discussion
A case–control study was conducted under the hypothesis that
the patient group used mobile phones more frequently.
However, there was no difference between two groups in
mobile phone use. There is a possibility of recall bias that
the reference date for the case group was use of a mobile
phone prior to surgery and matched day for the control group.
The members of the case group would have a more concrete
memory before and after the big event, the surgery, than that
of the control group before and after the matched date. The
ratio of mobile phone use in the control group could have been
overestimated compared to the case group, in which would
Table 2 A case–control compar-
ison of the amount of mobile
phone use
Case (n=119) Control (n =238) Odds ratio (95 % CI) p value
Duration (years) 10.15±5.39 10.95±4.57 0.961 (0.910–1.012) 0.201
Time (min/day) 25.78±40.76 33.58±44.03 0.998 (0.945–1.041) 0.43
Cumulative hours (hrs) 1778.61±2496.44 2236.11±2533.02 0.956 (0.906–1.009) 0.245
Table 3 A case–case comparison
of the basic characteristics of ref-
erence date
*Systemic disease means chronic
debilitation diseasewhich can affect
patients’ immunity such as uncon-
trolled DM, ESRD, and etc
† Chi-square test or ‡ Fischer’s ex-
act test for calculation of p value
Regular user (n =64) Non-regular user (n =55) p value
Age (years) 46.80±11.74 49.21±14.59 0.321
Gender (male/female) 17:47 20:35 0.249†
Side of tumor (right/left) 37:27 25:30 0.178†
Residential area (urban/rural) 46:16 44:13 0.910†
% of systemic disease* 7.8 9.1 0.802‡
% of smoking 9.4 7.5 0.680‡
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more accurately remember using the mobile phone at the time
of the operation, especially in patients who underwent surgery
in 90s and the matched patients. Thus, based on our case–
control study, we were not able to conclude that mobile phone
use increased tumor incidence. These findings were similar to
those of previous case-controlled studies [4–7]. Furthermore,
those studies had various uncontrollable factors and limita-
tions in reliability [5, 19], thus questions regarding their
findings would have arisen even if mobile phone use had been
found to increase tumor incidence.
A case–case study was conducted only in the patient group,
and tumor volume was found to be clearly larger for the regular
user group compared to the nonuser group. In addition, tumor
volume was significantly larger in both the daily and cumula-
tive heavy user groups compared with the light user group
amongst regular cell phone users. Previous reports showed
similar results as those found in our study. A Danish study [4]
reported that the mean size of vestibular schwannomas was
significantly larger in regular mobile phone users compared to
nonusers, with 1.66 cm3 in users and 1.39 cm3 in nonusers. An
increased risk for schwannomaswas observed in regular mobile
phone users compared to nonusers, and was also seen in pa-
tients who reported having used mobile phones at the affected
ear for >20 min/day on average. In that study, two possible
explanations were suggested for these results. One was that the
increased risk was caused by exposure to the EMFs from the
mobile phone, and the other was that the higher risk came from
selection bias and/or recall bias. A selection bias might distort
the results if heavy users with ipsilateral mobile phone use were
more likely to participate in the study because of the earlier
detection of tumors than those in the general population.
According to Inskip’s assumption, there was possible risk
frommobile phone only when the ear usedmost frequently for
speaking on mobile phones and the tumor location were
ipsilateral. In previous studies, the odds ratio for the more
frequently used ear was significantly higher among long-term
users (1.8 to 3.9 of odds ratio) when analyses took into
account the ear used during mobile phone use and the side at
which the tumor developed [11, 22]. On the other hand, other
studies have reported that the odds ratio for the more frequent-
ly used ear was not significantly higher (0.82 to 1.08) [24, 25].
However, previous studies have not considered the patient’s
hearing. In cases where a patient had lost his or her hearing
due to the development or growth of a tumor, the patient’s
preferred ear for mobile phone use may have changed due to
the hearing loss. Therefore, bias needs regarding the correla-
tion between the frequently used ear and the location of the
tumor development to be reduced. In our study, we accounted
for the patients’ hearing in our analysis in order to reduce the
Fig. 2 The average tumor volume of regular mobile phone users (8.10±
10.71 cm3) was significantly larger than that of non-regular users (2.71±
3.78 cm3) (p<0.001). OR of regular user is 1.125 (CI 1.041–1.216, p=0.003)
Table 4 Case-only analysis of regular users. A comparison of tumor volume according to duration, daily usage time, and cumulative hours of mobile
phone use
Tumor size (cm3) Odds ratio (95 % CI) p value
Duration (≤ or >10 years) Long-term user (n =38) Short-term user (n =26) 1.045 (0.987–1.107) 0.130
9.83±11.97 5.57±8.15
Time (≤ or >20 min/day) Heavy user (n =32) Light user (n =32) 1.073 (1.008–1.141) 0.026
11.32±15.43 4.88±5.60
Cumulative hours (≤ or >2,000 h) Heavy user (n =26) Light user (n =38) 1.088 (1.023–1.157) 0.007
13.31±14.07 4.88±6.16
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bias regarding change in hearing. Furthermore, for regular
mobile phone users, we reclassified the frequently used ear
based on the transition period, where the patient changed their
mobile phone use from the ear on the lesion side to the other
ear due to hearing loss. However, since bias may arise in
the reclassifying process, data were reassessed only in
those patients who had serviceable hearing; the results
showed that the lesion side that developed a tumor and
the frequently used ear had a high correlation with each
other (Table 5). This correlation may have significant
meaning and meet the Inskip’s assumption, as patients
who did not use a mobile phone had a similar tumor
incidence for both sides (Table 3).
Takebayashi et al. [6] examined the tumor diameter in cases
with ipsilateral mobile phone use versus cases with contralat-
eral mobile phone use and reported that the diameter of
ipsilateral-side tumors was smaller. The reason for these re-
sults was thought to be that cases with ipsilateral use were
more likely to be diagnosed at an earlier stage than cases with
contralateral use. At the same time, it is possible that ipsilateral
tumors may grow more slowly. However, there was no sig-
nificant difference in tumor volume between ipsilateral and
contralateral users in our study.
We conclude that there was a consistent association be-
tween tumors and mobile phone use, with a greater relation-
ship to tumor growth than incidence. We suggest that local
heating caused by mobile phone use may result in a thermal
effect, which may promote growth of an already existing
schwannoma. At the same time, the effect of energy absorp-
tion at tissue sites close to the mobile phone needs to be
clarified [11, 15]. If the energy from mobile phone use can
cause tissue degeneration at the protein level, then there is also
the possibility that these waves may induce changes in tumor
growth and characteristics [12, 13, 26, 27].
Our study had some limitations because of the previously
mentioned biases, but considering that prospective study of this
particular topic would be very difficult to conduct, we believe
that these biases are within an acceptable range. Many efforts
were taken to reduce bias in the design of our study, especially in
the case–control study with prevalent controls. We selected our
controls among the subjectswho received comprehensive routine
medical checkups including brain MRI.
There are differences in the absorption of electromagnetic
waves in the brains of adults and children, but these differences
were not evaluated in our study. However, vestibular
schwannoma occurs mainly in people aged 50 years or older,
with the exception of type II neurofibromatosis which was not
included in our study [28]. In this study, all patients except one
were adults.
Another limitation of this study was that recall bias, resi-
dency, age, EMF according to cell phone type, and use of
other electronic devices were not considered. In order to
obtain accurate statistical data, other factors, such as residen-
cy, duration of use of each electronic device, use ofmicrowave
ovens, computers, televisions, amateur radios, Bluetooth de-
vices, and cordless phones in the home need to be thoroughly
evaluated. Realistically, however, it is difficult for participants
to remember accurately and it is nearly impossible for re-
searchers to control all these factors. In addition, a recall bias
may develop if questions are asked repeatedly in order to
gather more information. As all other factors were equal, we
predicted that there would be no statistical differences be-
tween the two groups. Under this supposition, there was no
significant relation between mobile phone use and tumor
incidence, whereas a significant change was observed in tu-
mor volume and mobile phone use in our study. Therefore, we
predict that mobile phone use and tumor growth are correlated
with each other. So, if patients were diagnosed with vestibular
schwannoma, we should advise them to refrain from mobile
phone use.
Conclusion
From our results, we found that tumors tended to coincide in
the more frequently used ear when talking on mobile phones,
and tumor volume showed strong correlation with the amount
of mobile phone use, thus there is a possibility that mobile
phone use may affect existing tumors growth.
Table 5 A regular user case-only analysis. Tumor side and mobile phone use
Tumor side Regular side for phone use Total Odds ratio
(95 % CI)
p value
Right Left Both
Patients in all hearing levels Right 12 20 5 37 0.733 (0.236–2.282) 0.592
Left 9 11 7 27
Total 21 31 12 64
Patients limited to serviceable hearing Right 7 3 2 12 4.500 (0.585–34.608) 0.148
Left 3 5 1 9
Total 10 8 3 21
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